Background: Picky eaters in the general population form a heterogeneous group. It is important to differentiate between children with transient picky eating (PE) and persistent PE behavior when adverse outcomes are studied. We analyzed four PE trajectories to determine the associations with child mental health prospectively. Methods: From a population-based cohort, 3,748 participants were assessed for PE at 1.5, 3, and 6 years of age using maternal reports. Four trajectories were defined: persistent (PE at all ages); remitting (PE before 6 years only); late-onset (PE at 6 years only); and never (no PE at any assessment). Child's problem behaviors were assessed with the Teacher's Report Form at 7 years of age. We examined associations between picky eating trajectories and emotional problems, behavioral problems and pervasive developmental problems using logistic regressions. Analyses were adjusted for child, parental, and socioeconomic confounders. We also adjusted for maternal-reported baseline problem behavior at age 1.5 years; the never picky eating group was used as reference. Results: Persisting PE predicted pervasive developmental problems at age 7 years (OR = 2.00, 95% CI: 1.10-3.63). The association remained when adjusted for baseline pervasive developmental problems at 1.5 years (OR = 1.96, 95% CI: 1.10-3.51). Persistent PE was not associated with behavioral (OR = 0.92, 95% CI: 0.53-1.60) or emotional problems (OR = 1.24, 95% CI: 0.74-2.07). Other PE trajectories were not related to child behavioral or emotional problems. Conclusions: Persistent PE may be a symptom or sign of pervasive developmental problems, but is not predictive of other behavioral problems. Remitting PE was not associated with adverse mental health outcomes, which further indicates that it may be part of normal development.
Introduction
Picky eating is a frequent eating problem in early childhood, characterized by food refusal, eating a limited variety of food, an unwillingness to try new food (food neophobia) (Dovey, Staples, Gibson, & Halford, 2008) and aberrant eating behaviors, such as low enjoyment of food, slowness in eating and higher satiety responsiveness (Cardona Cano, Hoek, & Bryant-Waugh, 2015a) . The prevalence of picky eating is highest (14-50%) in preschool children (Carruth, Ziegler, Gordon, & Barr, 2004; Dovey et al., 2008; Mascola, Bryson, & Agras, 2010) , and declines (7-27%) in later childhood (Mascola et al., 2010; Micali et al., 2011a) . Incidence also declines after preschool age (Mascola et al., 2010) . The high prevalence and incidence are an indication that picky eating in the preschool age is often part of normal development (Mascola et al., 2010) . Indeed many health professionals tend to regard picky eating as a normal phase which eventually passes (Nicholls, Christie, Randall, & Lask, 2001) . However, this is in contrast to how many parents experience picky eating, that is, as a major cause of concern (Cerro, Zeunert, Simmer, & Daniels, 2002; Goh & Jacob, 2012; Mascola et al., 2010; Wright, Parkinson, Shipton, & Drewett, 2007) . Parents often seek medical help for their child's picky eating (Wright et al., 2007) , and express frustration with physicians for dismissing their concerns (McKee, Maher, Deen, & Blank, 2010) . Our previous report within the Generation R Study on picky eating trajectories, confirmed that the majority of children's picky eating problems in the preschool age remitted before the age of 6 years (Cardona Cano et al., 2015b) . However, we also found a small group of children with persisting picky eating problems who had a lower birth weight, were more often male and from a nonDutch and low socioeconomic background, compared with nonpicky eaters (Cardona Cano et al., 2015b) .
In previous studies, picky eating was associated with higher levels of behavioral, emotional, and pervasive developmental problems in childhood (Jacobi, Schmitz, & Agras, 2008; Micali et al., 2011a; Nicholls et al., 2001) and was suggested to be a precursor for anorexia nervosa (Marchi & Cohen, 1990) . The most recent studies concluded that picky eating in children of school age must be seen as a risk factor or marker for general psychopathology, rather than a precursor of eating disorders (Jacobi et al., 2008; Micali et al., 2011a) . However, picky eating problems are also specifically associated with pervasive developmental disorders (Bandini et al., 2010) . The prevalence of picky eating in children with autism was found to be as high as 90% (Sharp et al., 2013 ) and often present from early age onwards (Emond, Emmett, Steer, & Golding, 2010) . In addition, feeding problems and eating disorders are associated with anxiety problems (Galloway, Lee, & Birch, 2003; Swinbourne & Touyz, 2007) , and distorted child-parent interactions are suggested to play an important role in feeding problems (Davies et al., 2006) . However, most picky eating studies have some important limitations. First, most studies were limited by their cross-sectional design. Second, they did not differentiate between different trajectories, clustering remitting and persistent picky eaters. Third, a lack of correction for baseline differences makes temporal inferences difficult. Also, most studies did not adjust or only poorly adjusted for confounders. Only a few studies included child, parental, and socioeconomic characteristics (Cardona Cano et al., 2015b; Hafstad, Abebe, Torgersen, & von Soest, 2013; Jacobi et al., 2008) . Gender, weight at birth, parental income, maternal ethnicity and age, birth order, higher levels of child emotionality and maternal negative affectivity were found to predict picky eating at later age (Cardona Cano et al., 2015b; Hafstad et al., 2013) . Lastly, the majority of studies in the field of eating disorders research rely on one informant to report both the determinant and outcome. However, this practice of using a single informant can lead to spurious associations, that is, information bias (shared method variance) (Ringoot et al., 2015) . Typically, mothers' reports are used to assess picky eating as well as emotional and behavioral problems, possibly introducing this type of bias.
It is important to study the course and outcome of picky eating in the general population to determine which children are at high risk for adverse mental health outcomes. Furthermore, this should be evaluated in the context of the child's age. First, we hypothesize that remitting picky eating problems in the preschool age (0-4 years) are part of normal development and are not associated with an increased risk of any adverse mental health problems. Second, we hypothesize that children with persisting picky eating problems have a higher risk for adverse mental health outcomes. In particular, we expect that persistent picky eating is associated with more pervasive developmental problems and anxiety problems. Third, we will test whether lateonset picky eating is associated with emotional or behavioral problems; however, there are insufficient studies to date to formulate a specific hypothesis for this item.
Methods

Study design and population
This study was embedded within the Generation R Study (Jaddoe et al., 2012 Picky eating was assessed by parental report questionnaires when children were 1.5, 3, and 6 years old. Children who were not assessed for picky eating at any of these time points, or with an inconsistent picky eating pattern, were excluded from the study. Behavioral outcomes were determined using the Teacher Report Form (TRF) when the child was 7 years old (mean 6.7, SD 1.3 years; N = 4,696). A total of 3,748 (78.8%) children were included in the present study.
Measures
Trajectories of picky eating. Picky eating was assessed with two questions of the Child Behavioral Checklist (CBCL) at age 1.5, 3, and 6 years. The detailed methodology is described elsewhere (Cardona Cano et al., 2015b) . In short: at each assessment wave, mothers indicated whether their child 'did not eat well' and 'refused to eat' on a 3-point Likert scale. Based on the sum score of these two items (sum range 2-6) children with a score of sometimes and/or often (score of ≥4) were identified as a picky eater. This method approximates the concept of picky eating as defined by Dovey et al. (2008) , with reduced caloric intake, lower variety of foods, higher food fussiness, less enjoyment of food, higher satiety response, and slowness in eating (Cardona Cano et al., 2015b) . It is important to note that our method aims to determine picky eating problems in the general population, including (but not limited to) clinically significant 'picky eating disorders'. Four main picky eating trajectory groups were created: never picky eaters -those who were never identified as picky eaters; remitting picky eaters -those who were picky eaters at 1.5 and/or 3 years, but not at 6 years of age; late-onset picky eatersthose who were picky eaters at 6 years of age only; and persistent picky eaters -those who were picky eaters during all assessment waves (1.5, 3, and 6 years). The remaining 242 children with an inconsistent pattern (i.e., children assessed as picky eaters at 1.5 and 6 years, but not at 3 years, and children that were picky eaters at 3 and 6 years, but not at 1.5 years) were excluded from further analysis for two main reasons: the accurate categorization would depend strongly on future follow-up of picky eating status with the possibility that these children would then be categorized into remitting, lateonset, or persistent picky eaters; and analyses of this group revealed a different pattern compared to the other trajectories and did not differ from the never picky eaters (results not shown).
Child's problem behavior. To determine children's problem behavior the Dutch translation of the TRF (Verhulst, van Ende, & Koot, 1997) was used. The TRF is the teacher version of the CBCL, comprising 120 problem items that can be scored on a 3-point Likert scale (i.e., not true, sometimes true, or often true). The TRF has the following six DSM-Oriented Scales: affective problems, anxiety problems, pervasive developmental problems, attention deficit hyperactivity problems, oppositional defiant problems, and conduct problems. The DSM-Oriented Scale problems were defined using the established borderline clinical cut-offs (Achenbach & Rescorla, 2001) ; however, linear regression analyses with continuously modeled outcomes are also presented to demonstrate that our findings do not depend on choice of cut-off (see Table S1 ). Three main groups of problems were formed in line with Micali et al. (2011a) : 'emotional problems' consisting of the summed anxiety and affective problems; 'behavioral problems' consisting of attention hyperactivity and oppositional defiant problems; and pervasive developmental problems. Conduct problems were excluded from the behavioral problem group since, at a young age, the diagnosis of conduct disorder has a low prevalence (Ford, Goodman, & Meltzer, 2003) . The Dutch TRF has good reliability and validity (Verhulst et al., 1997) .
Baseline problem level was assessed by the mother using the CBCL/1.5-5 when the child was 1.5 years of age. The CBCL (Tick, van der Ende, & Verhulst, 2007 ) is a 99-item parent report questionnaire that assesses child emotional and behavioral problems in a manner similar to the TRF. The Dutch CBCL is reported to have good reliability and validity (Tick et al., 2007) . Three main problem groups (as described above) were formed. However, in contrast to the TRF, the CBCL scale scores were used continuously with a higher score indicating more problems. One of the items used to assess picky eating was also present in the emotional problems scale. To avoid bias, this item was excluded from the emotional problems scale score.
Child, parental, and sociodemographic information. Based on previous studies (Cardona Cano et al., 2015b; Dubois, Farmer, Girard, Peterson, & Tatone-Tokuda, 2007; Hafstad et al., 2013; Micali, Simonoff, Stahl, & Treasure, 2011b ), we defined several child, family, and socioeconomic characteristics as confounders. Information about child gender, birth weight, and gestational age at birth was obtained from midwife and hospital registries. Maternal ethnicity, family income, and child's birth order were assessed by postal questionnaire. Maternal educational level was coded as high (some college or university education), middle (secondary education), or low (primary education or none). Family income per month was coded as high or middle (above median income >2200 euro), low (1200-2200 euro), or very low (<1200 euro). Birth order was defined as firstborn or later born. Maternal ethnicity was coded as Dutch, Moroccan, Turkish, a combined code (Sur/Ant/Cape) for mothers with a Surinamese, Dutch Antillean or Cape Verdian ethnicity, other Western, and other non-Western. Birth weight is given in grams, gestational age at birth in weeks, and BMI in bodyweight/height 2 (kg/m 2 ). Maternal psychiatric symptoms were assessed with the Brief Symptom Inventory (BSI) during pregnancy. The BSI is a validated self-report questionnaire (de Beurs & Zitman, 2006; Derogatis & Melisaratos, 1983 ) that consists of 53 items scored on a 5-point Likert scale. It assesses a spectrum of psychiatric problems such as anxiety, depression, somatization, and hostility problems. The global severity index is the mean of all subscales and is an appropriate measure of general psychopathology (Derogatis & Melisaratos, 1983; Skeem et al., 2006) ; that overall mean score was used as a continuous measure, with higher scores indicating more problems.
Statistical analysis
To examine the relationship between picky eating and child's behavioral problems separate logistic regressions were carried out with emotional problems, behavioral problems, and pervasive developmental problems as outcome, and the trajectories of picky eating as the independent variable. The never picky eating group was used as the reference group. First (Model 1), a univariate logistic regression was performed. In the second analysis (Model 2) many of the confounder variables found to predict picky eating (Cardona Cano et al., 2015b; Hafstad et al., 2013) were added. These included gender, weight at birth, maternal ethnicity and income, birth order and maternal psychopathology. Because maternal age did not predict picky eating in our earlier study (Cardona Cano et al., 2015b) , it was not included as a confounder in the present study. Finally (Model 3), to address the temporal sequence of the relation, we corrected for baseline child behavioral problems. For this, we also adjusted for maternalreported child behavioral problem using the CBCL at age 1.5 years. In addition, we reran all analyses using maternalreported emotional, behavioral, and pervasive developmental outcomes using the CBCL at 6 years of age, to enable comparison with other studies. These additional analyses are presented in Table S2 and are contrasted with analyses using teacher reports in the same sample and also highlight possible informant bias. Except for the dependent variables, missing values were estimated using multiple imputation techniques. As the CBCL data included some missing values (<30% per assessment wave), proportions of trajectories of picky eating were based on multiple imputation if one or more scores were obtained. The pervasive developmental problems group was the only dependent variable (outcome) with missing data (N = 3734, missings n = 14). The presented results are based on pooled estimates of five imputed datasets. Analyses were performed using STATA/SE 12.0.
Results
Study population
General child and family characteristics of the study population are presented in Table 1 . The amount of boys and girls was almost equal. The majority of the mothers were of Dutch ethnicity (57.9%), and from a higher socioeconomic status (56.5% higher education). The majority of the children never had picky eating problems (51.4%; n = 1926). Approximately 5.5% (n = 206) were persistent picky eaters, while 31.9% (n = 1197) were remitting picky eaters. These numbers are best estimates (variation <4% of sample) as they are based on imputed data.
Picky eating trajectories and associations with child behavioral problems
No associations were found between remitting, lateonset, persistent picky eaters and never picky eaters, and behavioral problems (Table 2 ).
In the unadjusted analyses (Model 1), remitting and persistent picky eaters showed more emotional problems than the reference group (Table 3) . No difference in emotional problems was found between late-onset picky eaters and never picky eaters. After adjusting for child, family, and sociodemographic variables (Model 2), no differences in emotional problems were found.
Persistent picky eating was associated with more pervasive developmental problems, unadjusted (Model 1; OR = 2.41, 9% CI: 1.37-4.22), and after adjusting for confounders (Model 2; adjusted OR = 2.00, 95% CI: 1.10-3.63) ( Table 4) . After additionally adjusting for baseline pervasive developmental problems at 1.5 years, persistent picky eating remained associated with a higher risk of pervasive developmental problems (Model 3; adjusted OR = 1.96, 95% CI: 1.10-3.51; data not in table). None of the other picky eating trajectories were associated with pervasive developmental problems.
Discussion
In this population-based study, we found that persistent picky eating was longitudinally associated with pervasive developmental problems at age 7 years as reported by teachers, even after adjustment of baseline pervasive developmental problems at 1.5 years. Remitting and late-onset picky eating were not associated with adverse mental health outcomes.
In line with our first hypothesis, this study demonstrates that remitting picky eating was not prospectively associated with adverse mental health outcomes. This suggests that remitting picky eating in preschool children can be seen as part of normal development in the general population (Nicholls et al., 2001 ); a behavior that might be considered as age-appropriate and will eventually remit without behavioral or emotional consequences. This is further strengthened by the fact that our findings are based on a longitudinal design. However, in the present study we did not include somatic health measures and other adverse outcomes cannot be ruled out (Drewett, Corbett, & Wright, 2006; Wright et al., 2007) . At intake b Suriname / Antillean / Cape Verdean c Highest followed d Low = none or primary, middle = secondary school, high = higher vocational education/ university e n is based on imputed trajectory groups. The inconsistent group (n = 242) was excluded. Second, we hypothesized that persistent picky eating would be prospectively associated with pervasive developmental problems. In line with clinical studies reporting more picky eating problems among children with autism spectrum disorders (ASD) (Bandini et al., 2010) , our study suggests that persistent picky eating is also more common in children from the general population with elevated pervasive developmental problems. Importantly, when we corrected for baseline pervasive developmental problems, persistent picky eating remained related to pervasive developmental problems at age 7 years. Thus, the finding cannot be explained by developmental problems early in life. This assessment was based on maternal reports, as parents usually recognize signs of autism in an early stage (Ozonoff et al., 2009) . Potentially, picky eating can help to detect pervasive developmental problems earlier, as picky eating in young children is easily noticed by parents. In the study of Emond et al. (2010) , parents reported that difficulty in eating is often present in children with autism from infancy (6 months) onwards and persists throughout early childhood; our finding that persistent picky eating can be an early symptom or sign for pervasive developmental problems extends this observation and suggests that in the general population picky eating can precede other pervasive developmental problems symptoms.
However, the median age of the first ASD diagnosis remains older than age 4 years (Centers for Disease Control and Prevention, 2014; Maenner et al., 2013) . Persistent picky eating trajectories in our study are based on assessments from 1.5 to 6 years of age, thus a majority of children with ASD would already be diagnosed before persistent picky eating can be defined. However, as the age at which ASD is diagnosed is inversely associated with the number of symptoms observed (Maenner et al., 2013) , persisting picky eating can be used to detect ASD in a minority of children in those with less severe or clear symptoms. Future studies are needed to evaluate if a persistent picky eating trajectory can be delineated earlier, that is at age 4-5 years. Since parents often seek medical help for their child's eating behavior (Wright et al., 2007) , clinicians should pay attention to children who persist in having picky eating behavior, as these children are at higher risk of pervasive developmental disorders. Some caution is warranted as the CBCL assesses pervasive developmental problems and is not a diagnostic instrument; however, several studies have demonstrated that the CBCL pervasive developmental problem scale can be used to screen for ASD, but has a particularly high specificity in the assessment of pervasive developmental disorders (Ooi, Rescorla, Ang, Woo, & Fung, 2011; Sikora, Hall, Hartley, Gerrard-Morris, & Cagle, 2008; So et al., 2013) .
We did not confirm our hypothesis that persistent picky eating was also prospectively associated with anxiety problems. Rather, persistent picky eating was not associated with problems other than pervasive developmental problems. This is in contrast with an earlier report of the ALSPAC study that found strong associations of picky eating with behavioral and emotional problems (Micali et al., 2011b) . In our study, the existing association between persistent picky eating and emotional problems disappeared when confounders were controlled for. Also, the present study found lower odds ratios compared with Micali et al. in the UK (2011b). The differences between the two studies might be explained by the design of our study (cross-sectional vs. longitudinal and repeated measures design) and, most importantly by a different informant (a teacher report vs. a mother report) as a measure for outcome. An earlier study showed that, when maternal reports are used for both the determinant and the outcome measure, the associations were strongly inflated (Ringoot et al., 2015) . Thus, when mothers report both picky eating and problem behavior of the child, any observed association of picky eating with behavior and emotional problems is prone to reporter bias. Furthermore, mothers who are overconcerned about their child's wellbeing might rate their child's behavior as problematic in general. Our results suggest that the associations of picky eating with emotional and behavior problems may be inflated when mothers' reports of emotional and behavior problems are used (see Table S2 ). However, others may argue that teachers underreport (which would probably reduce precision) or more often incorrectly report, which would reduce the estimated effect of the associations.
Some caution is required when interpreting these results. First, because the concept of picky eating has not been fully operationalized (Dovey et al., 2008) and the boundaries between picky eating, food neophobia and eating disorders are not yet well defined. Also, in the present study, we defined trajectories of picky eating to differentiate subgroups across time that might have distinct outcomes. Although we found no association between picky eating and emotional problems, picky eating persisting from early to late childhood might predict eating disorders in adolescence (Marchi & Cohen, 1990) or might be a risk factor for other severe psychopathology. However, this was beyond the scope of the present study and more research is required on this topic. Our results emphasize the importance of differentiating between trajectories of picky eaters, as picky eating comprises distinct groups with different symptom clusters ranging from mild symptoms to clinical disorders such as Avoidant/Restrictive Food Intake Disorder (ARFID). ARFID can be considered an extreme form of picky eating and is associated with more pervasive developmental disorders compared with other eating disorders in a clinical setting (Nicely, Lane-Loney, Masciulli, Hollenbeak, & Ornstein, 2014) . Therefore, we cautiously speculate that persistent picky eaters are at a higher risk for the development of ARFID.
Finally, we tested whether late-onset picky eating was associated with emotional or behavioral problems. Although late-onset picky eating was not longitudinally associated with any adverse mental health outcome, a study by Micali et al. (2011a) found more emotional, behavioral, and pervasive problems, as described above. It is possible that our study was underpowered to detect minor differences, given the relatively small group of late-onset picky eating to find differences when comparing them to children without picky eating problems. In the present study, late-onset picky eaters tended to have more emotional and behavioral problems, but only in the unadjusted models; after correcting for confounders the odds ratios were strongly attenuated. This implies that the observed effect of picky eating behavior in early childhood is partially explained by socioeconomic differences between groups.
Strengths and limitations
This study had several strengths including the large sample size, its population-based longitudinal design and inclusion of a large amount of confounders. Additional strengths are the use of the teacher report (as an independent measurement for child psychopathology) and correction for baseline problems.
Some limitations should also be discussed. First, the TRF reports on the DSM-Oriented Scales and is not equivalent to a DSM diagnosis. Thus, some caution is necessary interpreting these results, more so as the borderline clinical cut-off was used. Second, we had no measurements at 4 and 5 years of age in order to better determine picky eaters with a persistent pattern or late-onset. Also, parents might have adjusted eating regimes to compensate for their child's pickiness (Farrow & Blissett, 2006) , resulting in a misclassification of the remitting group. However, maternal reports for the assessment of picky eating have been validated (Carruth & Skinner, 2000) . We used 'my child refuses to eat' and 'my child doesn't eat well' to assess picky eating status. However, previous analyses (Cardona Cano et al., 2015b) found that this method correlates well with measures of picky eating, including a lower variety of food, lower caloric intake, more food fussiness, slowness in eating, and lower enjoyment of food. This indicates that our definition is a valid approximation of the concept. Lastly, a small group of picky eaters was excluded from further analysis due to having an inconsistent picky eating pattern. Follow-up of this group is needed to determine whether children in this group should be classified as remitting or persistent picky eaters, and whether picky eating is associated with adverse mental health outcomes.
Clinical implications
Persistent picky eating was found to be an early symptom for pervasive developmental problems, whereas remitting picky eating was not associated with adverse mental health outcomes. We cautiously propose to regard remitting picky eating as part of normal development and, in line with consensusbased professional health guidelines, suggest a watchful waiting approach to picky eating problems in preschool age. However, health professionals should be aware of the possible mental health implications of persisting picky eating and, if necessary, perform additional testing.
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Key points
• Picky eating is a major concern for many parents, although picky eating problems between 1 and 4 years generally remit. Child outcome studies are needed to evaluate the prognosis of persistent and remitting picky eaters.
• Previous studies associated picky eating with more behavioral, emotional, and pervasive developmental problems in childhood, and characterized it as a symptom for general psychopathology.
• In this study, persistent picky eating, but not late-onset or remitting picky eating, was an early sign for pervasive developmental problems.
• Remitting picky eating was not associated with child behavior problems, suggesting that remitting picky eating is part of normal development.
